This chapter presents the basic principles of vessel valuation. First, we illustrate the market approach ("mark-to-market"). Second, we present the Long Term Asset Value (LTAV) method as an example for the DCF-approach ("mark-to-model"). Third, we discuss necessary conditions for the equivalence of market prices and fundamental values of vessels. Finally, we compare the valuation levels of listed shipping companies and other commonly used financial ratios with a matched sample of manufacturing firms.
I. Introduction
Shipping has always been a volatile business, one that is tightly linked to the business cycle.
However, the recent global financial and economic crisis that started in 2008 is unprecedented. Industry revenues followed booming world trade fairly closely up until mid-2008, with the ClarkSea index of freight rates reaching its peak at the end of 2007. As the global financial crisis deepened in 2008, the index dropped almost 85% by April 2009. The market values of vessels followed freight rates down, with the Clarkson Second Hand Price Index falling roughly 40% during the same time period. Since then, freight rates and vessel prices have remained low and are still far below the pre-crisis levels.
Boom-and-bust cycles in investment are widely studied phenomena in economics. Kydland and Prescott (1982) show that these cycles are more pronounced when there is a lag between investment plans and their realizations. The shipping industry is an ideal example. Supply is essentially fixed in the short-run, and firms face long lags (12-36 months) between the order and delivery of a new vessel, while the uncertain demand for sea transport may change during this waiting period. Kalouptsidi's (2014) "time-to-build" model for dry-bulk shipping predicts that vessels' dynamic entry and exit combined with cyclical variation in the construction lag due to shipyard capacity constraints have a substantial impact on the level of investment.
In a similar vein, Greenwood and Hanson (2014) study the link between boom-and-bust cycles and the return on capital in the dry-bulk sector. High vessel earnings just before the recent crisis were associated with high second-hand vessel prices and heavy investments in new vessels, but forecasted low future industry returns. Their theoretical model is based on behavioral biases and bounded rationality on behalf of market participants. In particular, shipping firms over-extrapolated exogenous demand shocks and partially neglected the investment response of competitors, i.e., they underestimated the investment response of their industry peers when reacting to demand shocks ("competition neglect"). Therefore, firms overpaid for vessels, overinvested in the boom because they did not foresee the endogenous supply response to the demand shocks, and have become disappointed by low subsequent returns.
The experience from the recent financial and shipping crisis that started in 2008 indicates that maritime investment appraisal and capital budgeting can become a difficult task. In "normalized" and efficient markets (with many willing buyers and sellers and available credit), the price of a vessel is what a knowledgeable and independent buyer would pay to acquire the vessel from a seller who is equally-well informed and trades voluntarily. Accordingly, in the past the price of a vessel was routinely derived from the price of comparable transactions (socalled "market approach" or "mark-to-market" approach). However, the question whether prices and fundamental or intrinsic values are the same -in particular, during crisis times with high volatility and high uncertainty as well as illiquid markets -follows a long-lasting debate in financial theory. The fundamental (or intrinsic) value of a vessel is based on the expected future financial benefits which both equity and debt investors can expect. The valuation approach that gets the most academic credentials is the "income approach" or the discounted cash flow valuation approach (so-called "DCF approach").
In the DCF approach, the fundamental value of a vessel is the present value of its expected cash flows, discounted at a rate that reflects the riskiness of these cash flows. First, the approach requires a model for future cash flow estimates. Second, the appropriate discount rate should be derived from standard asset pricing models. Therefore, the DCF approach is also commonly referred to as the "mark-to-model" approach. Arguably, fundamental values derived from the DCF approach are based on a long-term view, which offsets short-term market imperfections at least to some extent. The DCF approach is commonly used and widely accepted for the valuation of companies (e.g., in M&A transactions) and many long-lived assets, such as real estate, aircrafts, and power plants. In the shipping industry, the market ap-proach is still the dominant valuation method. for the DCF approach. Section IV discusses the necessary conditions for the equivalence of market prices and fundamental values of vessels. Section V compares the valuation levels and 1 In a survey, Cullinane and Panayides (2000) document that the valuation techniques used by many ship owners and operators are only rudimentary. They even conclude that a systematic approach to capital budgeting is absent among most ship owners and operators. 2 A third, and even less common, approach is the "replacement cost approach". The value of a vessel is equal to the cost of replacing a given vessel and its functionality. The vessel is valued on the assumption that the value of the vessel is simply the cost of supplanting a replacement vessel in the present market environment. An obvious critique is that the cost to replace the vessel is not necessarily the price that a third-party buyer would be willing to pay. This approach (not further analyzed in this chapter) is typically used to value vessels with unique functionality or customized features.
other commonly used financial ratios of listed shipping companies with a matched sample of manufacturing firms. Section VI concludes.
II. Market approach
The market price of a vessel is determined by auction pricing, where the transaction price is the price accepted as the clearing price between willing and informed buyers and sellers. The market approach (or "relative valuation approach") is by far the most commonly used valuation method in the shipping industry. It is based upon how similar vessels are priced in the market. In particular, a prospective vessel buyer decides how much to pay for a comparable vessel by analyzing the prices paid in earlier transactions. This approach involves three steps.
First, the buyer must identify a set of factors that determine comparability and value. Second, the buyer must search for a sufficient number of comparable (reference) transactions, i.e., a combination of the closest matches and the most recent transactions. Accordingly, the market approach is also referred to as the "mark-to-market" or "last-done" approach. Third, the estimated price for the vessel under investigation is computed as the mean or median price for the set of comparable transactions.
To identify a comparable vessel, the first matching criterion is the vessel type. For example, if the goal is to determine the price of a Capesize bulker vessel, comparable transactions should involve earlier sales of this type of vessel. Other vessel types, such as Panamax bulker vessels or even more so vessels from different segments of the market (e.g., tanker or container ships), are different in the routes they can serve, the cargo they can carry, their technology, and their cost/revenue structure. Within a given vessel type, Adland and Koekebakker (2007) The main problem of the approach used so far is that it only allows controlling for differences in a single variable. Therefore, as shown in the example, a univariate comparison can lead to very wide price ranges. To account for the multivariate (and possibly even non-linear) relationship between vessel prices and price determinants and to narrow down the price range, Ordinary Least Square (OLS) regression analysis can be implemented to derive a predicted transaction price. As there is only one almost exact match for the Blue Manaslu, we now use all information provided in Table 1 in a systematic way and estimate the following multivariate regression to determine the relationship between the vessel price and the pricing factors:
where denotes the paid transaction price for vessel (the running index refers to each of the 70 transactions in Table 1 ), is the age of a vessel at the date of the transaction, is the vessel size (measured in thousand DWT), and is the trailing one-year average monthly BCI (as a proxy for the state of the freight market).
is a (constant) intercept term,
, and are sensitivity coefficients, and is an error term. Using OLS regression methodology to estimate the intercept term and the sensitivity coefficients, the linear relationship between the transaction price and the pricing factors is: For a more detailed analysis of the use of statistical analysis in relative valuation see Damodaran (2005) . 6 Our model assumes a linear relationship between transaction prices and pricing factors. Non-linear relationships could be incorporated by adding quadratic (or even higher order) terms of the explanatory variables. 7 Using variables in levels (rather than ratios or percentages) could induce heteroscedasticity problems. The error terms are said to be heteroscedastic if they do not have constant variance but rather differ across observations. Regression analysis using heteroscedastic data still provides an unbiased estimate for the relationship between the transaction price and the pricing factors, but standard errors and thus inferences may be wrong. We thus do not report standard errors and significance levels of the coefficients, but use the estimates to generate unbiased predictions.
and state of the freight market have a positive influence on predicted transaction prices, while age has a negative impact. Given these coefficient estimates, the Blue Manaslu's predicted price using its fundamental characteristics (and trailing one-year freight rates of 2,451 index points) is: The Blue Manaslu was sold for $52.00 million in June 2014, thus the estimated price from the extended regression model is relatively close to the actual transaction price. The sufficiently small pricing error is attributable to the model's high goodness-of-fit.
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As a result, the regression approach seems particularly suited for relative valuation of vessels, making sense of large and sometimes contradictory data about the relevant pricing factors.
While the market approach works accurately in our simple example, it nevertheless has some technical limitations. Most notably, the sample of comparable transactions is relatively small with only 70 observations. In small samples with asymmetric distributions of the model vari-ables, a few large outliers could drive the results.
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Furthermore, a standard OLS assumption is that the explanatory variables are independent of each other. For example, as size grows over time due to technological progress, age and size of vessels tends to be negatively correlated. High correlation across explanatory variables creates "multicollinearity" problems, which may negatively affect the precision of the estimated coefficients.
III. Discounted cash flow approach

A. Long Term Asset Valuation (LTAV): Theory
Discounted cash flow valuation relates the value of an asset to the present value of expected future cash flows on that asset. Accordingly, under a DCF approach the value of an asset is not what someone perceives it to be worth, but it is a function of the expected cash flows occurring at some time in the future. The value of a vessel is obtained by discounting free cash flows (i.e., the amount of cash available for distribution among both equity and debt holders after taxes and reinvestment needs) at the Weighted Average Cost of Capital (WACC). Embedded in this approach are the tax benefits of debt (in the use of the after-tax cost of debt in the cost of capital) and expected additional financial risk associated with debt (in the form of higher cost of equity and debt with increasing leverage). This so-called WACC approach is widely recognized in theory and the valuation practice.
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The Long Term Asset Value method (or "LTAV method") to evaluate vessels, which was developed by the Hamburg Shipbrokers' Association (Vereinigung Hamburger Schiffsmakler und Schiffsagenten e.V., VHSS) in cooperation with Pricewaterhouse Coopers (PwC), is based on the WACC approach.
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In particular, the LTAV of a vessel is obtained by discounting the free cash flows (FCF) to debt and equity holders at the weighted average cost of capital (WACC):
where the free cash flows in a future period are obtained using the forecasted charter revenues minus the expected operating costs for the vessel. In addition, at the end of the vessel's economic useful life (in period ), there is a residual (or scrap) value
. Implicit in this approach is the assumption that it captures both the tax benefits of borrowing and the expected bankruptcy costs.
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The cash flows discounted are cash flows to the vessel, computed as if the vessel had no debt and no tax benefits from interest expenses. The effects associated with leverage and taxes are incorporated in the WACC, which is used as the discount rate.
As the WACC approach is based on the free cash flows available for distribution among equity and debt holders, the expected free cash flows must be discounted using a weighted average of required rates of return for the different sources of capital, both equity and debt. The standard expression for WACC is:
where is the cost of debt, the cost of equity, and the effective corporate tax rate. is the market value of debt, is the market value of equity, and . As interest is a taxdeductible expense (as opposed to dividend payouts to the shareholders), the WACC method uses the after-tax cost of debt, which is • 1 . As the debt ratio increases, the cost of equity increases due to increasing financial risk (in particular, increasing residual risk to equity holders), but the WACC nevertheless declines. Standard textbook theory shows that this decline is not caused by the use of "cheap" debt replacing "expensive" equity, but the WACC falls because of the "tax shields" on debt interest payments.
In a shipping-related context, it is normally not necessary to take into account the tax benefits of debt because many important shipping nations have implemented a tonnage tax regime, where taxation is independent of the earned profits. With 0, the WACC formula without corporate taxes is:
The cost of debt and the cost of equity are weighted by the relative proportions of debt and equity, denoted as ⁄ and ⁄ , respectively. The no-tax WACC formula still accounts for the effects of different degrees of financial leverage. The use of a constant WACC works for any patterns of cash flows as long as the degree of financial leverage, which a single project or a firm can support, remains constant. Commercial vessels are typically financed with 50-70% debt (while much higher gearing was common before the financial crisis), but leverage decreases over time as the loan is paid back.
14 However, assuming efficient capital markets (in the absence of taxes, information asymmetry or agency problems), Modigliani and Miller (1958) show that the WACC is constant and independent of a firm's capital structure.
It follows that the cost of equity increases with increasing financial leverage (i.e., with increasing residual risk of the equity holders). In the no-tax WACC formula, this increase in the cost of equity offsets any effects of changes in the weights, ⁄ and ⁄ . As most ship owners have opted for the tonnage tax system (and not taking account of other possible market imperfections), the no-tax WACC formula depends only on business risk, and the value of a vessel is independent of its capital structure.
14 In a corporate context, with many vessels on the asset side of a company's balance sheet, it is assumed that a vessel's risks are the same as those of the company's other assets (business risk), and they remain so for the life of the project. Moreover, the vessel supports the same degree of financial leverage as the company's overall capital structure, which remains constant for the life of the project. Drobetz et al. (2013) provide a detailed analysis of capital structure decisions in listed shipping companies.
Ship financing is often based on the agreement of variable interest rates linked to interbank rates (e.g., the London Interbank Offer Rate, LIBOR, plus a credit risk premium or credit spread). Therefore, in practice it is common to refer to the interest rate swap markets in determining the cost of debt . A swap rate indicates the cost for hedging the risk of a change in the short-term interest rate by swapping to a fixed rate payment for the same maturity. The amount of the credit spread depends on many factors, such as the ability to realize the value of the vessel in case of insolvency and the availability of long-term charters with high creditworthiness.
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The determination of the cost of equity is more difficult and requires concepts from asset pricing theory. The most widely used model among financial practitioners is the Capital Asset Pricing Model (CAPM).
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The cost of equity according to the CAPM is the expected rate of return on equity:
where is the risk-free rate, is a firm's stock market beta (or equity beta), and is the market-wide risk premium (i.e., the expected stock market return in excess of the risk-free rate). By definition, a risk-free asset has no default risk and no reinvestment risk. Therefore, the appropriate risk-free rate depends on when the cash flows are expected to occur (term structure) and will vary across maturities. For vessel valuation purposes, the time horizon is generally long, thus a long-term (or duration matched) risk-free rate is preferable to a shortterm rate (if the investor has to pick one). In contrast to government bond yields, the market risk premium is not revealed in market prices. Therefore, most investors refer to historical premiums, i.e., the historical excess returns of stocks over riskless securities.
Another parameter in the CAPM is a firm's stock market beta, or equity beta . The CAPM assumes that investors are well-diversified, thus the only risk an investor perceives in an investment is the risk that cannot be diversified (i.e., market risk or systematic risk). The stock market beta is the model's measure of systematic risk contribution.
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In particular, the CAPM claims that investors care only about stock or project betas, because these measure the risk components which investors who hold a fully diversified portfolio (or the market portfolio) cannot diversify. Empirically, a firm's stock market beta can be estimated using OLS regression analysis, with the firm's stock return as the dependent and the market return (e.g., the S&P 500 index) as the explanatory variable.
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The estimated beta coefficient indicates the percentage change in the firm's stock price in response to a 1% change in the market index, on average; a sensitivity coefficient above or below unity implies more or less risk in the sense of adding to or reducing the risk of the market portfolio, respectively. Therefore, projects contributing more risk (higher market beta) require a higher expected rate of return for equity investors to want them. Projects contributing less risk (lower market beta) require a lower expected rate of return.
The estimated equity beta is usually assumed to depend on three factors: (i) the cyclicality of a firm's operations (business risk), (ii) its operating leverage (i.e., the ratio of fixed costs to total costs), and (iii) its financial leverage. Given highly cyclical cash flows, high operating leverage, and high financial leverage, one expects that firms in the shipping industry exhibit 17 An investment's cost of equity is lower when it offers diversification benefits for an investor holding the market portfolio, i.e., less required reward for less risk contribution. The contribution to overall portfolio risk is the market beta of a project -a measure of the project's "toxicity". A project that decreases in value when the market decreases in value, and increases when the market increases, has a positive beta -it is toxic, and investors avoid it. In contrast, a project with a low beta helps an investor who holds the market portfolio to reduce the overall investment risk. 18 Fama and French (1997) provide a more detailed analysis of the computation of industry cost of equity using more advanced methods (e.g., a multifactor model that, in addition to market effects, also accounts for size and value effects). Drobetz et al. (2010) provide an empirical analysis of the multiple risk factors in the returns of shipping stocks.
high stock market betas.
19 Drobetz et al. (2014b) provide evidence for high levels of systematic risk in shipping stocks that match the fundamental risk characteristics of the industry. In particular, listed shipping companies show pronounced industry-specific beta dynamics compared to the average S&P 500 firm. As expected, changes in both economic conditions and industry-specific risk factors explain a large proportion of the beta variation in the crosssection of shipping firms and over time.
A final caveat is that a firm's beta (or asset beta, which is the leverage adjusted equity beta)
only applies for valuing a single project (e.g., a vessel) with the same business risk characteristics as the firm. Single projects with different risk characteristics compared to the average project of a firm must be evaluated by using different asset betas. Failure to adjust project cost of capital for differences in business risk and rather use a unique WACC within the firm leads to hurdle rates that are either too high or too low for a given project, leading to valuedestroying capital budgeting decisions.
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B. Long Term Asset Valuation (LTAV): An example
The LTAV method is illustrated using a fictitious, charter-free 10-year old 1,700 TEU container vessel. The vessel has an expected total economic life of 25 years. All necessary assumptions and the computation of the vessel's LTAV are shown in Table 2 .
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[Insert Table 2 here]
The first step in the WACC approach is to model the vessel's expected free cash flows over the remaining 15 years. We assume that the low current gross charter rate (to be earned in 2015) of $7,500 per day adjusts linearly to the historical average within the next four years 19 See Drobetz et al. (2013) for an analysis of the financial characteristics of listed shipping companies.
(by 2018).
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After 2018, daily gross charter rates are assumed to grow only with the expected inflation rate of 2% per year. When the vessel reaches an age of 20 years (in 2025), an old ship reduction rate of 15% is applied.
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The resulting net annual charter revenues depend on the number of available running days (depending on whether it is a year with or without service dry docking), the vessel's utilization rate, and the amount of paid fees and commissions.
Annual operating expenses include tonnage taxes, and are also assumed to grow with the expected inflation rate of 2% per year. At the end of the economic life time (in 2030), the vessel's scrap value will be realized, which depends on the number of lightweight tons and the steel price (per lightweight ton). Based on net annual charter rates, annual operating expenses, and the scrap value, the free cash flows can be computed in each calendar year for the vessel's remaining life time (as shown in column 12 in Table 2 ).
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In the second step, the annual expected free cash flows must be discounted to present values using the WACC. The current 10-year swap rate (at the beginning of 2015) is 2.3% (rates are for a fixed rate payer in $ in return for receiving three-month LIBOR), and the credit spread is assumed to be 400 basis points (or 4%). As a result, the cost of debt is 6.3% per year. To compute the cost of equity based on the CAPM, the risk-free rate, the equity beta, and the stock market risk premium are needed. The current yield on 10-year US Treasury bonds of 2.2% per year is used as the risk-free rate.
25 Drobetz et al. (2014b) report that the average beta in their sample of listed container companies is around 1; without further information on the vessel's riskiness, but recognizing that equity betas increase during bad states of the ship- 22 A caveat is that the stage of the cycle when the asset is valued has a main effect on the calculated fundamental value. As the number of cycles extends, the average cash flow converges to the "normal" year, but the NPV's do not, i.e., whether there are early high or low cash flows has a large impact on the valuation. 23 This penalty may only apply for container vessels. For example, for older bulk vessels it may ignore the benefits older tonnage has in dirty trades. 24 Depreciation is the most important non-cash expense which generally must be added to Earnings Before Interest and After Taxes (EBIAT) to derive the free cash flow. However, without taxes (and including the tonnage tax charges into the annual operating expenses), depreciation can be ignored. Capital expenditures and investments in working capital are also assumed to be minimal and ignored in the computation of the free cash flow. 25 The U.S. Federal Reserve provides both swap rates and bond yields: http://www.federalreserve.gov/releases/ h15/data.htm.
ping markets, we set 1.2. Based on long-run stock market data in Dimson et al. (2013) , the geometric average global stock market return in excess of government bills (measured in $) was 4.1% per year during the 1900-2012 time period. We use this historical value as a proxy for the (future) equity risk premium.
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The CAPM cost of equity is:
(10) • 2.2% 1.2 • 4.1% 7.4%.
Vessels are normally financed with 50-70% debt. Assuming that the vessel is financed with 60% debt, therefore ⁄ 0.6, the WACC in our example is:
Using the WACC, the present value factor can be computed for each model year. Table 2 ) and adding up all the present values delivers our valuation result. The resulting $15.5 million is the vessel's fundamental value.
IV. Comparing value and price
The two approaches to valuation -the market approach and the DCF approach -may yield different results for the same vessel. Differences may come from different views on market efficiency.
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In DCF valuation, it is assumed that markets make mistakes, that they correct the mistakes over time, and that the mistakes can occur in the entire shipping sector. In the 26 See Fama and French (2002) and Dimson et al. (2003) for a detailed discussion of the problems with historical estimates of the equity risk premium. 27 An alternative explanation for the valuation differences between the two approaches could be that the static DFC approach fails to incorporate the real options character of vessel investments. For example, the ship owner has the flexibility to time the sale of the vessel, taking advantage of the benefits of a volatile and liquid market for secondhand ships ("option to abandon"). More generally, viewing vessels as complex options, the static DCF approach may understate the value of vessel investments. Even in the absence of managerial flexibility, the real option approach and the static DCF approach can lead to different results. While the static DCF approach discounts for risk at the aggregate net cash flow, the real option approach adjusts for risk with the cash flow components, thus allowing to differentiate assets according to their unique risk characteristics. Samis et al. (2006) provide a more detailed discussion and examples for the mining industry.
market approach, the conjecture is that while markets can make mistakes for a single vessel, they are correct on average. In particular, when we value a vessel relative to other recent vessels sold, two assumptions are made. First, the "law of one price" holds, i.e., similar vessels will sell for the same price. Second, the market has priced these vessels correctly, on average, although it might have made mistakes in in the pricing of each of the vessels individually.
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Implicit in these assumptions underlying the market approach are several other conditions that must hold. One condition is that there are many willing buyers and sellers (guaranteeing a steady deal flow), and they should transact voluntarily (precluding "fire sales"). Another is that buyers and sellers are knowledgeable, i.e., market participants should be healthy industry insiders with lots of experience in and knowledge about the industry.
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Moreover, transactions must take place between independent and unrelated parties acting in good faith ("arm's length" transaction). Additional criteria for a "functional" or "normalized" market include:
credit is readily available to buyers; assets are homogenous and in large supply; investor sentiment is not characterized by excessive optimism or pessimism; search and transaction costs are low. Under these circumstances, the competitive pressure in a market with informed, rational, and financially healthy investors is assumed to drive market prices to fundamental values. In short, market prices are characterized by fundamental efficiency.
Arguably, the market conditions that prevail since the outbreak of the financial and shipping crises in 2008 do not fulfill all requirements for fundamental efficiency, thus observed market prices and fundamental values may diverge.
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However, it is also possible that fundamental 28 Damodaran (2005) surveys empirical studies that compare the pricing accuracy of both approaches. He concludes that the relative valuation approach works well to explain cross-sectional differences across assets. However, when it comes to pricing differences that correct over time, the DCF approach is indeed more useful. 29 This condition ensures that the asset (vessel) is put into "best use". According to Shleifer and Vishny (1992) , healthy industry participants will value an asset more than industry outsiders or financial buyers (who usually require a discount). 30 See Greenwood and Hanson (2014) and Drobetz et al. (2014a) for more detailed analyses.
values have crashed to such an extent that vessels are really not worth that much and may never earn more than their cost of capital.
A related question is why arbitrage does not necessarily drive market prices back to fundamental values. Empirical evidence illustrates that price deviations from fundamental values can be large and long-lasting even in liquid financial markets, thus one expects that they can be even larger and longer-lasting in markets for physical assets. Standard financial theory offers potential explanations. For example, few investors have the specialized knowledge to identify misvaluations, exploit them, and then operate vessels efficiently. In addition, even large deviations from a vessel's fundamental value could last for a long time, longer that any arbitrageur can stay solvent ("noise trader" risk). In fact, deviations could even become larger before convergence starts (fundamental risk). Another obstacle is that arbitrageurs have to make large, undiversified bets on vessels. Shipping risks are highly cyclical and to a considerable part systematic (e.g., freight rates are highly correlated with the global economic activity), thus arbitrageurs may lack diversification opportunities. Finally, financial constraints due to restricted bank lending as well as high transaction cost may prevent arbitrage.
V. Financial analysis of shipping firms
Shipping companies can be interpreted as portfolios of vessels. In principle, it is straightforward to extend the DCF approach to evaluate entire companies. To take a capital market perspective, it may be insightful to analyze how the stock market evaluates listed shipping companies and compares them to other listed companies. Panel A of Table 3 summarizes selected financial ratios and cash flow variables for the sample used in Drobetz et al. (2014a) , consisting of 255 listed shipping companies from 44 countries over the 1990-2012 period (3,038 firm-year observations).
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All variables are denominated in US$. To compare shipping com- 31 The condition for firms to be included is that they own and/or operate commercial vessels. This selection implies that shipyards as well as passenger vessels, drilling vessels, and inland vessels are excluded.
panies to other capital-intensive industries, a matching sample of manufacturing firms is constructed. The initial manufacturing sample is drawn from the countries contained in the shipping sample and comprises 186,878 firm-year observations. Out of this universe, a market-tobook and size matched sample that includes the two best fits for every shipping firm is constructed. This procedure results in a matched manufacturing sample (5,522 firm-year observations). Panel B of Table 3 shows financial ratios and cash flow variables for this comparable sample.
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[Insert Table 3 here]
The ratio of a firm's market value of equity to its book value, or market-to-book ratio, is often used as a simple valuation measure. The market-to-book ratio is strongly connected with both a firm's return on equity and the expected growth rate. Most importantly, a higher market-to-book ratio implies that investors expect management to create more value from a given set of assets. As an asset-heavy industry, the shipping industry exhibits relatively low marketto-book ratios; panel A shows that the average during "normal" times was only 1.152 (i.e., the market value of the average firm's equity is slightly higher than its accounting value). As a comparison, the average market-to-book ratio of all U.S. (global) firms from all industrial sectors was 2.0 (1.5) at the beginning of 2012 (the last year of the shipping sample). All else equal, the market seems to expect little future earnings growth for shipping companies.
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Panel A further shows that market-to-book and firm size exhibit high standard deviations, indicating a very heterogeneous sample containing both very young and mature firms. Moreover, cash flows and capital expenditures also exhibit large standard deviations, which is at-32 All information on data collection and data construction of both the shipping and the matched manufacturing sample are described in full detail in Drobetz et al. (2014a) . They also provide the exact definition of "normal" years, the more moderate pre-2008 crisis years, and the recent financial and shipping crisis from 2008 onward. 33 For U.S. and global market-to-book data see the website of Aswhat Damodaran: http://pages.stern.nyu.edu/ ~adamodar/. Damodaran (2005) provides a more detailed discussion about the assumptions behind and interpretation of market-to-book ratios.
tributable to the strong cyclicality in the sources and uses of funds in the shipping industry. In fact, cash flows decline as the economic situation becomes more severe. While average annual cash flows (scaled by total assets) are 8.1% during normal times, they decrease sharply to 4.8% during the recent financial crisis. As expected, the cyclicality in cash flows is also reflected in the market-to-book ratio, which varies strongly over the different economic states (from 1.24 during normal times to only 1.02 during the most recent crisis). Strong cyclicality is further observed in profitability, defined as the ratio of operating income before depreciation to book assets; it ranges between 6.5% during normal times to only 3.6% during the most recent crisis. Similar to cash flows, average annual capital expenditures and short-as well as long-term borrowings decline during the recent crisis compared to non-crisis periods.
Comparing shipping companies to the matched manufacturing companies (panel B), there are several important observations. First, ratios and variables generally tend to be less cyclical in the manufacturing sector. For example, while the level of profitability is very similar during normal times in the two samples, it varies much more over the economic states in the shipping sample. Moreover, as one expects, shipping companies are much higher leveraged than comparable manufacturing companies, indicating the higher residual risk equity holders have to bear. Leverage is defined as the ratio of long-and short-term debt to total book assets; during normal times, the ratios are 0.40 in the shipping industry and 0.28 in the matched sample.
Finally, as shipping companies are portfolios of vessels, asset tangibility is notably high in the shipping sample; the ratio of fixed assets to book assets is 0.58 for shipping firms and 0.35 in the matched sample.
VI. Conclusion
Since valuation is key to much of what modern finance is all about, it is not surprising that there are many different valuation approaches in use. In this chapter, we examine two valuation approaches and show how they can be used for maritime investment appraisal. The first and still most widely-used approach in the shipping industry is the market approach, which evaluates a vessel in comparison to the recent sales of comparable vessels ("mark-tomarket"). Regression analysis can be used if comparability depends on multiple criteria, such as age, size, and the state of the freight market. The second approach is DCF valuation. It is forward-looking and determines the fundamental value of a vessel by its future expected cash flows, discounted using the cost of capital ("mark-to-model"). The choice between the two approaches is not always easy and mainly depends on one's view about market efficiency.
Market prices and fundamental values will be close in "normalized" markets. This table shows the number of firm-year observations (N), the mean, and the standard deviation (SD) of key financial figures for listed shipping companies and a matched sample of manufacturing companies. The full sample in Panel A consists of 255 shipping firms (3,038 firm-years) from 44 countries during the 1990-2012 period. Firms are included in the sample if they own and/or operate commercial ships. The sample of manufacturing firms is matched according to country, market-to-book, and size, as descried in detail in section V. All figures, except for market-to-book and firm size, are expressed as fractions of firm total assets. All variables are winsorized at the 99% level. For detailed explanations of the variables see . Both panels shows the descriptive statistics for the full sample, the non-crisis years of 1990-2007, the crisis periods prior to 2008, and the recent crisis from 2008-2012. 
